JEuropilsches Patentamt 
European Patent Office © Publication number: 0 230 348 

Office europ6endes brevets A2 



@ EUROPEAN PATENT APPLICATION 

© Application number: 87300110.1 @ lnt.a 4 :G01R 1/073 

@ Data of filing: 07.01*7 



Priority: 07.01.88 US 816866 



Date of publication of application: 29.07.87 
Bulletin 87/31 



@ Designated Contracting States : DEFR GB 



@ Applicant: Hewlett-Packard Company, Mali 
Stop 20 B-O 3000 Hanover Street, Palo Alto 
California 94304 (US) 



Inventor: Garrettson, Garrett A., P.O. Box 10301, Palo 
Alto California 94303-0890 (US) 
Inventor: Chao, Clinton C P.O. Box10301, Palo Alto 
California 94303-0890 (US) 

inventor: Neukermans, Armand P., P.O. Box 1O301, Palo 

Alto California 94303-0890 (US) 

Inventor: Leslie, Brian a, P.O. Box 10301, Palo Alto 

California 84303-0890 (US) 

Inventor: Foster, Jack D„ P.O. Box 10301, Palo Alto 

California 943034890 (US) 

Inventor: Greanstefn, Michael, P.O. Box 10301 , Palo Alto 

California 94303-0890 (US) 

Inventor: Matta, Farld, P.O. Box 10301 , Palo Alto 

California 94303-0890 (US) 

Inventor: Jbly, Robert, P.O. Box 10301, Palo Alto 

California 94303-0890 (US) 



@ Representative: Williams, John Francis et al ( J.F. 

Williams & Co 34 Tavistock Street, London WC2E 7PB 
(GB) 



CI 



@ Test probe. 

<§) A test probe for Integrated circuits Is presented . This probe 
has a flexible membrane with leads and contacts formed with 
lithographic techniques. The leads can be formed to minimize 
voltage reflections and crosstalk. Also, termination devices 
can be added near the device under test in order to match the 
Impedance of the device under test. This combination facili- 
tates the testing of high density Integrated circuits at high fre- 
quencies while the circuits are still on the wafer. Also, high 
density substrates for multi-chip carriers can be tested with 
this probe. 
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Test Probe 



This invention relates to a test probe for making 
contact with a plurality of input/output pads of an 
5 integrated circuit to be tested. 

Prior art integrated circuit test probes have several 
significant limitations. They access a limited number 
of input/output pads on integrated circuits and they 

10 use low frequency signals for testing the integrated 
circuits. Prior-art integrated circuit test probes 
have typically individual tungsten wires for each 
input/output pad on an integrated circuit. The sharp 
points on the end of the test wires dig into the 

15 input/output pads on the integrated circuit in order to 
make a low impedance electrical contact. These prior- 
art test probes work well when integrated circuits 
contain less than one hundred input/output pads. 
However, prior art test probes containing more than 

20 150 test point wires have proven to be unwieldy and 
impractical. They are difficult and expensive to 
fabricate, susceptible to shorts and damage, and prone 
to undesired capacitive coupling between the probes. 
In addition, prior-art test probes cause deterioration 

25 of signal quality. Capacitive coupling between the 
test point wires introduces crosstalk. Mismatched 
impedance causes reflections in the signals. The high 
inductance of the test point wires limits the 
bandwidth. 

30 

Advances in integrated circuit technology have produced 
integrated circuits with testing requirements that 
clearly exceed what the prior-art test probes can 
deliver. • Integrated circuits may contain more than 150 
35 input/output pads. In addition, these pads may be 
located all over the surface of the chip, not just 
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around the perimeter. Therefore, test probes for 
these chips must contain a corresponding number of test 
wires arranged to probe the entire surface of the chip. 

5 Integrated circuits operate at speeds up to 100 MHz or 
more. Prior-art test probes severely distort such high 
frequency signals. This deficiency restricts testing 
to low frequency signals, and means that testing at 
operational speed must be deferred until the device is 

10 packaged. The packaging typically costs three to four 
times the amount of the integrated circuit itself , so 
discarding a faulty integrated circuit at this point is 
costly. The cost burden becomes even more oppressive 
when the integrated circuit is mounted on a multi-chip 

15 carrier using surface mounting techniques, A surface 
mounted device cannot generally be tested until it is 
integrated into a second level package such as a multi- 
chip carrier with other surface mounted devices. 
Failures detected at this point result in expensive 

20 reworking. To avoid this, integrated circuits, to be 
mounted as surface mounted devices, should be tested at 
their operating speed on the water. 

Accordingly , the invention propose a test probe for 
25 making contact with multiple contact points of an 
integrated circuit, having a plurality of contacts on a 
contact member, each contact being connected by a lead 
to an output terminal, wherein the contact member is a 
flexible membrane carrying a plurality of leads 
30 connected to a plurality of contact pads, and in that 
deflection means are provided for the flexible 
membrane. 

Such a test probe is capable of accessing thousands of 
35 : npu t/output pads on an integrated circuit, and can 
also conduct high frequency tests on pre-packaged 
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integrated circuits. Preferably, the invention uses 
integrated circuit lithography to construct leads and 
contact pads on the flexible membrane. This invention 
provides versatile, relatively inexpensive and accurate 

5 contact to hundreds or thousands of input/output pads 
on an integrated circuit. Since the density of contact 
pads on the test probe is limited only by integrated 
circuit lithography techniques, the contact pad density 
of the test probe can always correspond to the 

10 transistor density of the integrated circuits. 

There are several advantages to forming the leads and 
contact pads with integrated circuit lithographic 
techniques. Integrated circuit lithographic technology 

15 can place contact pads accurately and in complex 
patterns. Also, the leads which connect to the contact 
pads can be formed as transmission lines meeting exact 
specifications. Transmission line parameters can be 
^ \ chosen to reduce signal or voltage reflection between 

20 the leads and the tester's driving circuitry and also 
to reduce crosstalk between adjacent leads. 

The flexible membrane has several advantages. Impedance 
matching devices and bypass capacitors can be located 
25 closer to the device under test (DUT). Also, the 
flexible membrane can deform to compensate for the lack 
of coplanarity between the DUT and the test probe. The 
input impedance of the DUT can vary significantly from 
the output impedance of the leads and the tester's 
30 driving circuitry. This can be remedied by a impedance 
matching device located near the DUT. This will 
; minimize distortion and maximize power transfer between 
f). ... the ^transmission line and the DUT. The flexible 
membrane also permits a power line bypass capacitor to 
( > 35 be located near the DUT. The proximity of these 
i capacitors to the ' DUT provides a minimum inductance 
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path between the DUT and the capacitor which stabilizes 
the voltage of the power supply. 

Pressure applied to the flexible membrane forces the 
5 contact pads against the input/output pads of the DUT. 
The pressure is applied by a spring device such as a 
polymeric spring. The dimensions of the polymeric 
spring are chosen to induce a scrubbing action between 
the contact pads of the flexible membrane and the 
10 input/output pads of the DUT when the contact pads are 
forced against the DUT. The contact pads of the 
flexible membrane can be a hard, non-oxidizing 
conductor or an electroplated contact coated with a 
hard conductor if desired. 

15 

The invention also provides a method of making a test 
probe comprising the steps of: providing a conductor 
pattern on one surface of a flexible membrane; 
providing a plurality of contact pads at appropriate 
20 spacings and each in contact with a conductor of said 
pattern; mounting said membrane in a frame; causing 
said conductor pattern to contact a further conductor 
pattern leading to output terminals on said frame. 

25 Further, the invention provides a method of conducting 
tests on integrated circuits comprising bringing a 
flexible membrane carrying a conductor pattern into 
registration with an integrated circuit to be tested; 
clamping the membrane in relation to the integrated 

30 circuit; and causing pressure to be applied between 
contact pads of said conductor pattern and contact 
points of the integrated circuit, during which the 
membrane deflects, • 

35 The test probe invention can be used to test the high- 
density substrates of multi-chip carriers. These 
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substrates contain thousands of leads and contact pads. 
Money and time can be spared by testing these 
substrates before integrated circuits are installed on 
them. Thus the OUT may be an integrated circuit, 
5 substrate of a multi-chip carrier, or other device with 
a multiplicity of input/output pads. 

The drawings illustrate a number of exemplary 
embodiments of the invention. In these: 

10 

Figure 1 shows a sectional view of a first embodiment 
of the invention; 

Figure 2 shows a top view of the embodiment of the 
15 invention as shown in Figure 1, partially cut away? 

Figure 3 shows an enlarged cut-away view of part of the 
flexible membrane shown in Figure 1; 

20 Figure 4A shows a side view of the flexible membrane 
before leads and contacts are formed on it. 

Figure 4B shows a top view of the flexible membrane 
shown in Figure 4A after leads and contacts have been 
25 formed on it. 

Figure 5A shows a sectional view of Figure 4B after the 
ground shield has been formed on it. 

30 Figure 5B shows the membrane as in Figure 5A with the 
holes drilled through the membrane for the contact 
pads. 

Figure 5C shows the membrane as in Figure 5B with the 
35 contact pads plated in. 
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Figure 6A shows the membrane as in Figure 5C with the 
surface mounted device added . 

Figure 6B shows the mounted membrane as shown in Figure 
5 6A clamped to the printed circuit board frame. 

Figure 7 shows an alternate embodiment of the invention 
with balls used as contact pads and with a pneumatic 
spring. 

10 

Figure 8A and Figure 8B show an alternative embodiment 
of the flexible membrane shown in Figure 4B with the 
membrane thinned around the leads and contact pads, 

15 Figure 1 is a section through a test probe 10, in which 
flexible membrane 1 is clamped to a printed circuit 
board 3 by a clamp 7. The clamp 7 also guides a 
polymeric spring 9 against flexible membrane 1. 
Surface mounted devices 5 used for example to match the 

20 impedance between the device under test, DUT (not 
shown) and leads 15 are mounted on the printed circuit 
board 3. However, the surface mounted devices 5 could 
also be mounted on the flexible membrane 1. 

25 Figure 2 is a top view of the test probe 10. The 
printed circuit board 3 in the preferred embodiment is 
annular. External contact pads 13 along the perimeter 
facilitate the mounting of the test probe 10 in a 
testing instrument. The clamp 7 which holds the 

30 membrane on the printed circuit board is annular in 
shape. The clamp 7 has an opening in the centre to 
allow alignment of the test probe 10 with the DUT* The 
out away, drawing of the dlamp 7 ip Figure 2 exposed 
the flexible membrane 1. The flexible membrane 1 is a 

35 transparent dielectric film 21. The polymeric spring 9 
and the window 11 are also transparent. This 
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facilitates the alignment of the test probe 10 with the 
DUT. 

Leads 15 on the flexible membrane 1 conduct signals to 
5 and from the DUT through contact pads 17 (Fig. 3). 
Contact pads may be formed by attaching a contact to a 
lead 15 by soldering, as shown in Figure 7, or the 
contact pad 17 can be formed by a plating process. 

10 Figure 3 is an enlarged drawing of the flexible 
membrane 1. The leads 15 are on a dielectric film 21. 
A ground (earth) plane 19 is located on the other side 
of the dielectric membrane 21 from the leads 15. To 
facilitate the alignment of the test probe 10 with the 

15 DUT 53, the ground plane 19 does not cover the 
dielectric membrane 21 underneath the polymeric spring 
9 and the window 11. The contact pads 17 shown are 
formed by a plating process, but could alternatively be 
^ \ formed by evaporation techniques or sputtering 

20 techniques and extend through holes in the film 21 to 
contact the leads 15. The polymeric spring 9 resides 
on top of the flexible membrane 1 touching the leads 15 
mostly and extending into voids slightly. It provides 
a spring force between the leads 15 and the window 11. 

25 In use, the test probe 10 is aligned with a DUT 53 so 
that the contact pads 17 of the test probe 10 connect 
with input/output pads 55 of the DUT 53 being tested. 

In another embodiment of the invention (not shown), the 
30 flexible membrane 1 can have several layers of leads 15 
and polyimide films 21. When testing very dense 
devices with a large number of input/output pads, it 
may*be necessary "t* have myl tip) e Ififer b of leads 15 
and polyimide layers 21 in order to fit all the 
( I 35 necessary leads 15 on one flexible membrane 1. In such 

f an embodiment of the invention, " the contact pads 17 
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would be on the outside surface of the flexible 
membrane 1. In order for contact pads 17 to reach 
leads several layers away from the surface, holes must 
be formed through the appropriate layers. 

The construction of the test probe 10 comprises several 
steps as seen in Figures 4 and 5. Figure 4A shows the 
raw material from which the flexible membrane 1 is 
formed. This material, which can be purchased from a 
variety of vendors, has a transparent dielectric layer 
21 and a conducting layer 25. In the preferred 
embodiment, the dielectric layer is made out of 
polyimide, but many different flexible and insulating 
materials could be used. Figure 4B shows a top view of 
the flexible membrane 1 after the leads 15 have been 
formed. Using lithographic technology, leads 15 are 
patterned onto the conducting layer 25, and appropriate 
areas etched away, for example. After the leads 15 are 
formed, a ground plane 19 is deposited onto the reverse 
surface of the polyimide layer 21 as shown in Figure 
5A. A variety of techniques can be used to form the 
ground plane 19, including a sputtering technique. 
Additional shielding for the leads 15 can be obtained 
by constructing grounded conductors on either side of 
the leads 15. To form the contact pads 17 r holes 27 
are drilled through the polyimide layer 21 as shown in 
Figure 5B. The holes 27 are drilled, for example, by 
laser milling. These holes 17 are then filled by 
plating as shown in Figure 5C to form the contact pads 
17. Multi-layer, flexible membranes 1 are constructed 
in a similar manner. 

Ths^.f l* : xlble ; rafcmbr* n * 1 is then connected tc<> * 
multilayer printed circuit board 3 as shown in Figure 
6A. The leads 15 are connected to their respective 
circuit board conductors 29 in the printed circuit 
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board 3. The connection is formed by drilling holes 31 
through the polyimide layer 21 and filling these holes 
with a conducting material. The circuit board 
conductors 29 are connected to an external contact pad 

5 13 to which the tester connects. Surface mounted 
devices 5 are placed on printed circuit board 3 and 
connected to the circuit board conductor 29 which 
connects to the leads 15. The test probe contact pads 
17 scrub the surface of the input/output pads 55 when 

10 forced onto them. This feature, designed into the test 
probe 10 r removes the oxide and dirt from the 
input/output pads 55 so that good electrical contact is 
formed between them. Features of the flexible membrane 
1 and the polymeric spring 9 produce the scrubbing 

15 action. The strain parameter of the polyimide layer 21 
is chosen so that the contact pads 17 will be forced 
sideways as they are pushed down on the input/output 
pads 55* Also, the parameters of the polymeric spring 
9 are chosen so that it pushes the contact pads 17 

2 0 sideways as it pushes the polymeric spring 9 down. 

Next, a clamp 7 fastens the printed circuit board 3 and 
the flexible membrane 1 together as shown in Figure 6B 
to form a low impedance connection between lead 15 and 
25 the printed circuit board conductor 29. 

The last step in construction of the test probe 10 adds 
the polymeric spring 9 and the transparent window 11 
shown in Figure 1. The combination of the hole in the 
30 centre of the clamp 7, the window 11, the transparent 
polymeric spring 9, and the transparent polyimide layer 
21 permits one to visually align the contact pads 17 
with the input/output pads 55 of" the DUT Si, 

35 Figure 7 shows an alternative embodiment of the 
invention. In this embodiment the leads 15 are on the 
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bottom side of the flexible membrane 1. The contact 
pads 17 have one half of a ball 63 attached to them. 
The ball 63 is constructed from a hard conductor which 
does not oxidize,, such as tungsten carbide. Another 
set of holes 61 are drilled through the polyimide layer 
21, ground shield 19, and printed circuit board 3 to 
bring the signals from lead 15 to the top surface of 
the printed circuit board 3 to facilitate connection to 
the tester. The other set of holes 65 connect the 
ground shield 19 to the top side of the printed circuit 
board 3. The balls 63 are forced against the DDT by 
pressure from a sealed chamber 67. 

The sealed chamber 67 can be filled with a gas or with 
15 a liquid which is then pressurized to deflect the 
flexible membrane 1 outward. This pressur ization can 
occur by the addition of gas or a liquid through a 
nozzle 73. When the sealed chamber 67 is filled with a 
liquid, pressurization can be obtained by moving a 
20 wall of the chamber 67 inward. Since liquids are 
incompressible, the flexible membrane 1 will be forced 
outwards. The alignment windows 69 and 71 are 
transparent so that the contact pads 17 can be aligned 
with the input/output pads of the DUT. 



25 
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In order to obtain increased flexibility of the 
membrane 1, areas 81 can be selectively thinned by 
using a laser milling process. Figure 8B shows a 
section on B-B in Figure 8A. A laser removes parts 81 
of the flexible membrane 1 near the contact pads 17 and 
leads 15. 



When using a test probe 10 to test an integrated 
circuit, the following steps are done. The contact 
35 pads 17 are constructed on the flexible membrane 1 to 
match the input/output pads 55 of the DUT 53. The test 
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probe 10 is assembled with the flexible membrane 1« 
The test probe 10 is connected to a tester through the 
external contact pads 13. The test probe 10 is aligned 
with the DDT 53 so that the contact pads 17 on the 
flexible membrane 1 are aligned with the input/output 
pads 55 on the DUT 53. The test probe 10 is lowered 
onto the DUT 53. Tester conducts tests. The test 
probe 10 is removed from the DUT 53. 
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Claims 

1. A test probe for making contact with multiple 
contact points of an integrated circuit, having a 
plurality of contacts on a contact member, each contact 
being connected by a lead to an output terminal, 
wherein the contact member is a flexible membrane (1) 
carrying a plurality of leads (15) connected to a 
plurality of contact pads (17), and in that deflection 
means (9, 67) are provided for the flexible membrane 
(1). 

2. A test probe as claimed in Claim 1, wherein 
shielding means for said leads is located adjacent to 
said leads. 



3. A test probe as claimed in Claim 2, wherein said 
shielding means comprises a first grounded layer 
located adjacent to said flexible membrane and near 
said leads. 



4. A test probe as claimed in Claim 2, wherein said 
shielding means further comprises a plurality of 
grounded conducting strips located adjacent to said 
leads. 

5. A test probe as claimed in any preceding claim, 
wherein said leads (15) and/or components (5) connected 
thereto electrically modify signals passed to from the 
contact pads (17) . 



6. A test probe as claimed in any preceding claim 
wherein said- contact pads (J7) have a semi-spherical 
shape. 
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7. A test probe as claimed in any preceding claim, 
wherein the contact pads (17) are formed by a 
deposition technique, such as electroplating, 
evaporation, or sputtering. 

8. A test probe as claimed in any preceding claim, 
wherein said flexible membrane (1) is mounted in a 
frame (7). 

9. A test probe as claimed in any preceding claim, 
wherein said deflection means comprises a polymeric 
spring located adjacent to said flexible membrane. 

10. A test probe as claimed in any of Claims 1 to 8, 
wherein said deflection means comprises an enclosure 
having said flexible membrane forming a wall thereof. 

11. A test probe as claimed in Claim 10, wherein said 
enclosure can be pressurized to deflect said flexible 
membrane. 

12. A test probe as claimed in Claim 11, wherein 
another wall of said enclosure can be moved to produce 
pressurization causing said flexible membrane to 
deflect. 



13. A test probe as claimed in any preceding claim, 
wherein said flexible membrane has reduced thickness 
adjacent to said contact pads. 
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14. A method of making a test probe comprising the 
steps of: providing a conductor pattern on one surface 
of a flexible membrane; providing a plurality of 
contact pads at appropriate spacings and each in 
contact with a conductor of said pattern; mounting said 
membrane in a frame; causing said conductor pattern to 
contact a further conductor pattern leading to output 
terminals on said frame, 

15. A method of conducting tests on integrated 
circuits comprising bringing a flexible membrane 
carrying a conductor pattern into registration with an 
integrated circuit to be tested; clamping the membrane 
in relation to the integrated circuit; and causing 
pressure to be applied between contact pads of said 
conductor pattern and contact points of the integrated 
circuit , during which the membrane deflects. 

16. A method as claimed in Claim 15 r wherein with 
deflection of the membrane the contact pads scrub 
across the contact points to ensure a good electrical 
contact. 

17. A method as claimed in Claim 15 or 16, wherein the 
pressure is applied by a fluid medium in a chamber 
bounded by the membrane. 
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A Membrane Quadrant Probe for R&D applications 



Saswata Basu and Reed Gleason 
Cascade Microtech, Inc. 
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Beaverton, Oregon 97005 



ABSTRACT 

Membrane probes are known for their applications to 
production probing and their ability to integrate RF 
lines, matching networks and good power supply 
bypassing for known good die testing on-wafer. 
Nonetheless, they require die-specific design and are 
not reconftgurable. In this paper, we discuss a 
quadrant probe based on membrane technology which 
offers this alternative with lower loss than membrane 
probes and better DC bypassing capability than any 
other quadrant probe. 

INTRODUCTION 

Membrane probes [1] are in general suited for 
production type applications. They are rugged, have 
the ability to withstand over a million contacts, and 
have higher risetimes and better bypassing than 
needle probes. Nevertheless, they suffer from higher 
loss and non-reconfigurability compared to their 
single-line probe counterparts such as Cascade's Air 
Coplanar Probe (ACP) [2], A membrane quadrant is 
an amalgation of the coax-based ACP and the 
membrane probe technology in the sense that the head 
and body resembles that of an ACP and the tip is 
made out of a membrane as depicted in Figure 1 . 




(a) 




(b) 

Figure 1: (a) A four-port membrane quadrant 
probe with (b) a blow-up of the membrane tip 
section 

The assembly process entails laser ablation of the 
membrane probe tip to remove the polyimide before 
the tip fingers are bent. The back of the membrane is 
attached to a shelf cut on the coaxial cable. The 
probe then undergoes standard planarization and 
colinearizing processes before being used on a probe 
station. 

PROBE DESCRIPTION 

In Figure 1, a four-port membrane quadrant is 
displayed. A quadrant can have 1 to 8 ports 
depending on the testing requirement. In this design 
the four port quadrant consist of two DC lines on the 
outside with two RF lines in the middle. The tip 
configuration in this case is power-ground-signal- 
ground-signal-ground-power. The RF lines are 
microstrip lines with solid ground lines embedded in 
a meshed ground plane as shown in Figure 1 (b) and 
2. The latter diagram exhibits the layout of the probe, 
where the coaxial cable attachments are made at the 
top and the nickel alloy bars at the bottom are bent to 
make contact with the pads. The probe has four 
transitions which are designed to maintain a 



continuous 50 Q transmission line. First is the 
coaxial cable and the K-connector interface. Second 
is the CPW membrane interface with the coaxial 
shelf. And third, is the internal membrane transition 
from CPW to microstrip at the coaxial end. Fourth is 
the transition from microstrip to CPW nickel fingers 
at the tip. 

Although, hardly noticeable in Figure 1(b), there are 
two chip capacitors for DC bypassing mounted on 
edge between the two nickel alloy bars close to the tip 
of the probe. This bypassing is superior to traditional 
needle technology and even the best membrane 
probes. The width of the DC lines can be adjusted to 
handle high currents and have low characteristic 
impedance. 



One of the DC ports was shorted and the impedance 
looking into the tip of the corresponding DC line was 
measured by setting the probe down on a signal- 
ground thru standard and probing at the other end 
with a signal-ground ACP. The measured reflection 
coefficient is shown in Figure 4. At 6 GHz, the 
inductance is barely 0.1 nH. At higher frequencies, 
the capacitor standing on its edge look more like a 
low impedance open stub in parallel with a shorted 
DC line. Moreover, the capacitor dielectric losses 
increases significantly in conjunction with the 
conductor losses of the DC line; their parallel 
combination pull the S22 curve inward. 



Impedance matching networks can also be 
implemented in a membrane quadrant probe. We are 
currently working on membrane quadrants that 
integrate Wilkinson combiners at Ka, Q, and V bands 
and intend to extend this technology to W band. 
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Figure 2: A membrane quadrant probe circuit 
layout showing two RF lines at the center and two 
power lines on each side of the membrane. The tip 
has a PGSGSGP configuration where P,G, and S 
stands for DC Power, Ground, and RF Signal. 



RESULTS 




Figure 3: S-parameter response of one of the RF 
lines in the membrane quadrant probe. 



CONCLUSIONS 

We have shown that membrane quadrants, by virtue 
of their being a hybrid of the ACP and membrane 
technologies, have lower loss and better DC 
bypassing than membrane probes, and partial 
reconfigurability which is particularly suited for R&D 
applications. 
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The S-parameters of the probe are shown in Figure 3. 
The insertion loss is less than 2 dB at 40 GHz. This 
is about 3 dB less than in membrane probes. The 
return loss is below 17 dB over 40 GHz showing 
excellent 50 ohm transitions at the K-connector, 
membrane, and tip interfaces. 
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Figure 4: S22 response of one of the DC lines of 
the membrane quadrant probe with the connector 
end shorted. 
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